Background and Objectives First-line treatment of chronic phase (CP) chronic myeloid leukemia (CML) is based on the first-generation tyrosine kinase inhibitor (TKI) imatinib or the second-generation TKIs dasatinib or nilotinib. Thanks to the efficacy of TKIs, CML has switched from a fatal to a 'chronic' pathology, and data from clinical trials have become insufficient to drive physicians' prescription choices and address long-term treatment outcomes. On the brink of commercialization of generic imatinib, this study aims to evaluate the therapeutic pattern of CP-CML and the occurrence of adverse events (AEs) over a decade of local real clinical practice. Methods A retrospective cohort study was performed on CP-CML patients followed up in the Local Health Unit of Treviso (Veneto Region, Italy) during the period 2005-2015. Data were captured from both administrative databases and physicians' patient diaries. Results Of 81 CP-CML patients, 73 were treated with first-line imatinib; among the second-generation TKIs, only nilotinib was used (n = 8). Overall, 38% of imatinib-treated subjects needed to switch, mainly due to intolerance, whereas no switches occurred in the nilotinib cohort. Osteoarticular pain was the most common AE and was significantly more frequent in the imatinib cohort (68.49 vs. 25.00%, p = 0.022). Other common AEs were dermatologic manifestations, asthenia, and diarrhea. Conclusion Although based on a small population, this study represents an unbiased reference on the long-term management of CML in an Italian clinical setting. Our results indicate a better profile of first-line nilotinib, both in terms of persistency and tolerability. AEs remain a major concern, highlighting the importance of close monitoring.
Introduction
Chronic myeloid leukemia (CML) is a myelodysplastic neoplasm accounting for approximately 15% of all cases of leukemia in adults [1, 2] . The pathogenesis of CML is connected to the chromosomal translocation (9;22) (q3.3; q1.1), which leads to the formation of a fusion chromosome known as Philadelphia, carrying a hybrid BCR-ABL gene [3, 4] . This fusion gene encodes for a constitutively activated tyrosine kinase, which is involved in the malignant transformation of hematopoietic cells and progression of the pathology through three phases: chronic phase (CP), accelerated phase (AP), and blast crisis (BC) [5] [6] [7] .
CML treatment is therefore mainly based on targeted tyrosine kinase inhibitors (TKIs) [8] . TKIs approved as first-line treatment are imatinib (a first-generation TKI) or second-generation TKIs such as dasatinib or nilotinib. Treatment choice is based on CML phase at entry, as well as patients' specific characteristics and risk of progression, estimated through the Sokal, Hasford, and EUTOS risk scores [8] [9] [10] [11] . Overall, TKIs have proven high efficacy, accounting for an 8-year survival rate of approximately 87%, i.e. comparable with that of the general population [12] . As CML has progressively switched from a fatal to a 'chronic' pathology, standards for the management of CML have therefore moved from short-term survival to long-term outcomes, such as the achievement of early disease control and the reduction of persistent treatment intolerance [13] . In this context, data from randomized clinical trials (RCTs) have progressively become insufficient due to their relatively short follow-up times, as well as the significant differences in the enrolled cohorts compared with the real-life population [13] [14] [15] . Observational studies of real clinical practice could therefore be of great help for long-term monitoring of this pathology. In particular, at this time in which generic imatinib is entering the market, real-life studies could provide key data for a re-evaluation of the recommendations for clinicians' choice of first-line treatment.
On the brink of commercialization of generic imatinib, our observational study aims to take a snapshot of the pharmacological management of CP-CML over a decade of local real clinical practice, describing a real cohort of Italian cases in terms of therapeutic pattern and occurrence of adverse events (AEs).
Patients and Methods
A population-based retrospective cohort study was performed on all subjects affected by CP-CML and followed up at the Department of Haematology of the Local Health Unit n.2 of Treviso (Region of Veneto, Italy). Data were captured from administrative databases of drug dispensing by community and hospital pharmacies and reimbursed by the National Healthcare System (NHS). In order to have information that was as complete and accurate as possible, administrative data were integrated with those recorded in physicians' patient diaries, i.e. internal registries filled in by hematologists at the time of each physician visit. In respect to Italian rules on privacy, the original unique individual identification code (Regional Health Code [RHC]), univocally attributed to each beneficiary by the National Healthcare System, was replaced by an anonymous univocal alphanumeric identification code. The Ethics Committee of the Local Health Unit n.2 of Treviso (Regione Veneto, Comitato Etico per la Sperimentazione Clinica delle Province di Belluno e Treviso) notified the present study on 15 December 2016 (Studio n. XLV/RPA-AULSS 9-Studio Osservazionale-No Profit).
All patients with CP-CML during the period 1 January 2005 to 30 June 2015 were enrolled in our study. Among these patients, those treated with non-TKI drugs as frontline treatment were excluded. All patients were followed up from the date of diagnosis until the occurrence of the first event among (1) occurrence of hematopoietic stem cells transplantation (HSCT); (2) death; or (3) end of data availability (31 December 2015). The first date among these events was considered the exit date. Patients were characterized based on sex, age at diagnosis, risk scores of progression (Sokal, Hasford, EUTOS), type of BCR-ABL transcript, and comorbidities present at baseline.
First-line TKI treatment of CML was evaluated, considering information on the active principle, length of treatment, occurrence of therapeutic switches, and cause of the switch. The occurrence of any AE during first-line TKI treatment was assessed, considering adverse manifestations reported by hematologists in physicians' patient records (PPRs).
Statistical Analysis
Descriptive statistics were used to summarize the considered variables. Baseline patient characteristics, occurrence of therapeutic switches, and AEs were compared among subjects treated with different first-line TKIs. Continuous variables were reported as median and interquartile range (IQR) and were compared using the Kruskal-Wallis test. Percentages were compared using Fisher's exact test.
Missing data, the cause of which was the loss of some clinical examination records during the study period, were randomly distributed. In each analysis, subjects with no available data for the considered variable were excluded. Statistical significance was considered at p-values < 0.05. Statistical analysis was performed using software STATA version 14 (StataCorp LLC, College Station, TX, USA).
Results
A total cohort of 81 subjects with CP-CML between 2005 and 2015 was examined. For 74 of these patients, a first diagnosis of CML occurred during this period, whereas seven patients were diagnosed between 2001 and 2004. Overall, the median observation time was 5.93 years (IQR 3.64-9.25). Based on prescribed first-line TKI treatments, patients were divided into two groups: the imatinib cohort (73 subjects) and the nilotinib cohort (8 subjects). No CP-CML patient was prescribed dasatinib as frontline treatment. The baseline characteristics of the cohort are described in Table 1 .
Patient sex was equally distributed, and the majority of subjects were diagnosed between 50 and 64 years of age and were assessed as being at low risk of progression, independently from the risk score used. All these characteristics were comparable in the imatinib versus nilotinib cohort. Considering the BCR-ABL transcript, the e14a2 or e13a2 transcripts were the most frequent (41.10 and 31.51%, respectively, among imatinib-treated subjects; 37.50% each among nilotinib-treated subjects); the less common e19a2 transcript was found in two subjects, both treated with imatinib.
Comorbidities present at diagnosis were equally distributed among the two treatment cohorts. Most patients were affected by hypertension (45.21 and 50% in the imatinib and nilotinib cohorts, respectively), while other cardiovascular diseases and osteoarticular pathologies also affected a significant percentage of patients. Twenty patients had a history of malignancies, with a similar proportion in both treatment cohorts (24.66 and 25.00% of imatinib-and nilotinib-treated subjects, respectively).
Over a comparable treatment duration (4.55 years [IQR 1.39-7.89] vs. 3.59 years [IQR 2.23-4.76], p = 0.402), imatinib was associated with a significantly higher occurrence of switches (28 vs. 0 cases, 38 vs. 0%) compared with nilotinib ( Fig. 1) . The median time to switch was 533 days (IQR 235-1530). Switches from imatinib were mainly related to treatment intolerance (20 cases), whereas the remaining eight cases were attributable to resistance.
Among subjects switching from imatinib, dasatinib was the most common second-line treatment (n = 15), whereas nilotinib was prescribed in 11 patients. One patient switched to non-TKI treatment and another patient switched to non-treatment, both due to severe intolerance to TKI therapy. Twelve of 28 patients needed to re-switch from a second-to third-line treatment.
Dasatinib and nilotinib were prescribed as third-line treatment in three patients each, whereas two patients were prescribed the third-generation TKI ponatinib. Of note, another three patients discontinued treatment. In particular, two patients discontinued because of severe intolerance, whereas one subject discontinued treatment following the achievement of treatment response after an overall period of 3.75 years (data not shown).
AEs occurring during first-line treatment with imatinib versus nilotinib are reported in Table 2 . Osteoarticular pain was the most common AE, and was significantly more frequent among imatinib-treated patients (50 vs. 2 patients, 68.49 vs. 25.00%, p = 0.022). The median time to first report of osteoarticular pain was 48.5 days (IQR 14-116) and 169.5 days (19-320) for the imatinib and nilotinib cohorts, respectively. Other common AEs were dermatologic manifestations, asthenia, diarrhea, epigastric pain, fever, and infections or virus reactivation. Occurrence of all these AEs was more frequently reported in the imatinib cohort, although without statistical significance. AEs with lower latency from the beginning of treatment were fever (21 days [IQR 7-113] and 22 days for imatinib and nilotinib, respectively), and dermatologic manifestations (45 days [IQR 24-135] and 4 days for imatinib and nilotinib, respectively, p = 0.029), whereas long latency was found for epigastric manifestations.
Serious AEs occurred in 10 subjects taking imatinib versus one subject taking nilotinib. Considering serious AEs that occurred during imatinib treatment, the development of unrelated CML malignancies was found in four patients, of whom one developed colon cancer, one was diagnosed with gastric cancer, one was diagnosed with prostate cancer, and another was diagnosed with uterine cancer. In addition, four patients in the imatinib cohort experienced stroke events and one had acute myocardial infarction. Pleural effusion and heart failure were reported in two patients, respectively. Among the nilotinib-treated subjects, only one experienced serious AEs, in particular pleural effusion, heart failure, and pericarditis.
No differences emerged in terms of sex and median age among subjects experiencing the reported AEs in the imatinib versus nilotinib groups.
Discussion
This observational study considered the long-term management of CML with TKIs in an real-world setting in Italy. Although very limited in size, the examined cohort was typical of patients seen in the real world, in terms of both sex and age. A slightly higher prevalence was found among men compared with women, confirming data in the epidemiological literature [16, 17] . The median age at diagnosis was 61 years, i.e. 14-15 years older than patients enrolled in the nilotinib versus imatinib ENESTnd RCT, and 13-16 years older than patients in the dasatinib versus imatinib DASI-SION RCT [18, 19] . Furthermore, the present population also included patients aged ≥ 80 years at the time of CML onset, who are usually excluded from RCTs and whose management can be particularly critical. The discrepancy in terms of age between real-life and RCT populations has been previously discussed [13, 14] . Moreover, such RCTs might be poor predictors of response in real-world populations [13, 15, 20] .
Most patients were considered at low risk of progression, independently from the risk score used. Of note, the Sokal score, although developed before the advent of TKIs, was the most frequently reported in PPRs, confirming how this score is still routinely used in clinical practice and is still considered an extremely predictive tool for treatment response and patient survival [21] . Although mostly being identified as low-risk, the majority of patients were clinically compromised by other comorbidities. In particular, cerebrovascular/cardiovascular pathologies occurred in more than half of the cohort, and one in four subjects had a history of other malignancies. Of note, patients with severe or uncontrolled cardiovascular diseases were excluded from the ENEST, ENESTnd, and DASISION trials [22] , and little is known on the best management of CML for patients with previous malignancies. In light of this, this study provides important information on the pharmacological management of CML in real clinical practice.
Our results clearly show a central role of imatinib as firstline treatment for CP patients, compared with a marginal number of patients prescribed second-generation TKIs. Baseline patient characteristics and CML-related characteristics were comparable among CP-CML subjects treated with frontline imatinib versus nilotinib, indicating that the choice of frontline treatment was not influenced by these factors.
Of note, nilotinib was the only second-generation TKI prescribed as first-line treatment for CP-CML, although the indications for its use are comparable with those of dasatinib. Furthermore, there are no specific recommendations on the choice between the two molecules [8] . The dominance of nilotinib could be motivated by its lower cost per day of treatment compared with dasatinib (€165.33 vs. €220.90 per day).
This pattern regarding choice of first-line treatments for CP patients is adherent to international guidelines, i.e. recommend second-generation TKIs in patients diagnosed with AP or BC, while leaving physicians to choose between firstand second-generation TKIs in low-risk CP patients [8] .
Only one of 81 CP-CML patients remained stable after discontinuing TKI therapy following the achievement of a stable response to imatinib treatment. No cases of treatment discontinuation and subsequent relapse were reported. This result suggests that, to date, long-term management of CML in clinical practice is mainly based on stable prosecution of TKI treatment, in accordance with European LeukemiaNet (ELN) recommendations [8] . With regard to stable discontinuation, evidence derived from stopping studies is gaining increasing attention in clinical practice, given its crucial impact on patients' quality of life, reduction of AEs, and on the economic burden of pathology for the NHS [23] .
Moreover, our study found a difference in the occurrence of therapeutic switches between these two TKIs. In fact, we found no switches in patients treated with frontline nilotinib, compared with 28 of 73 imatinib-treated patients who switched to a second-line treatment. This result must be taken carefully, given the very small and unbalanced number of patients in the imatinib versus nilotinib group, and the different market availability of the two TKIs over the observed period (imatinib was available in the entire period, whereas nilotinib entered the Italian market in 2007). In fact, the median duration of treatment was 1 year shorter for nilotinib compared with imatinib, although there was no statistical significance (4 [24, 25] found similar results, reporting a significantly higher proportion of switches in patients treated with imatinib compared with second-generation TKIs, mainly due to resistance. On the other hand, in our study most switches from imatinib were due to severe treatment intolerance.
Indeed, our results clearly highlight that AEs remain a critical concern during the management of CML. Sixty-one percent of examined patients experienced osteoarticular pain following the commencement of CML treatment, with a significantly higher frequency among imatinib-treated subjects. The association of imatinib and muscle cramps is well known in the literature [26] , and, although not serious, this AE can severely compromise a patient's quality of life, leading to poor compliance to treatment and the need for treatment changes. Other frequent AEs included dermatological manifestations, asthenia, diarrhea, and epigastric pain. Nevertheless, the association of these AEs with ongoing TKI treatment was difficult to assess, particularly in light of the long latency observed for some AEs.
This study reports on the necessity of monitoring a patient's overall clinical condition and developing a strategy to better manage AEs. From this perspective, the ELN recently published recommendations for the management and avoidance of AEs in the treatment of CML [27] . According to the ELN, efforts should be made to predict and manage AEs without reducing or interrupting CML treatment. Particular attention must be given to comorbidities and drug interactions, and to new events unrelated to TKIs that are inevitable during such a long-lasting treatment period [27] . In addition, wider studies on the development of secondary malignancies following CML treatment are needed. This study has several limitations. The small size of the observed cohort represents a major limitation and, as a consequence, this study does not have the potency to establish the superiority of one treatment over other. Nevertheless, this small cohort represents the entire population affected by CP-CML and treated with TKIs in the study center between 2005 and 2015. In addition, the evaluation of demographic and disease-related characteristics revealed that this cohort was representative of the CML population, as described in both national and international literature [16, 17] . Second, the size of the imatinib and nilotinib groups was disproportionate. Third, despite baseline characteristic being comparable among CP patients treated with frontline imatinib and nilotinib, it was possible that unmeasured confounding by indication was present, i.e. treatment with nilotinib was mainly likely in patients with clinical characteristics that were different from imatinib-treated subjects. Fourth, this study covers a prolonged period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , and aspects related to treatment might have changed over this time. In particular, while imatinib was available for the entire period, nilotinib only entered the Italian market in 2007. As a result, patient differences in the calendar year of inclusion in the cohort, and in the follow-up time, could have influenced our findings in terms of treatment persistency and occurrence of long-term AEs. In fact, it was likely patients receiving nilotinib had been more recently diagnosed and had a shorter follow-up, as was actually reported in our results, and, as a consequence, had a lower chance of having long-term AEs and switches. Fifth, underreporting and underestimation of milder AEs could be present, and the occurrence of AEs may have been influenced by the onset of relevant clinical conditions between the commencement of TKIs and the occurrence of AEs. Sixth, patients may be co-followed-up by different hospitals and physicians at the same time, therefore examined PPRs and local administrative databases might not be complete due to information recorded in other hospital districts. Finally, this study was not able to take into account the quality of life experienced by patients receiving different treatments, given that data on patients' perceptions and satisfaction with treatment were not recorded on the PPR. Considering that few data regarding patients' quality of life are available in the literature, and given the long-term duration of CML treatment, further research is worthy in this area.
Despite the above-mentioned limitations, this study represents an unbiased reference on the long-term management of CML in an Italian clinical setting, providing important real-world evidence on therapeutic patterns and effectiveness of TKIs.
Conclusions
Progress in the treatment of CML has been so rapid that any recommendations regarding the management of CML can quickly become obsolete [28] . Nevertheless, increasing knowledge from routine clinical practice represents a key strategy in the lifelong fight against this disease, which has now become chronic. Our results indicate a better profile of nilotinib as first-line therapy for CP-CML, both in terms of treatment persistency and tolerability. While this might be seen as an argument for using nilotinib as first-line therapy, it might also argue strongly for the continued use of imatinib as first-line therapy, reserving nilotinib for imatinib-intolerant or imatinib-resistant patients. This is particularly true as the first generic imatinib is about to be launched, thereby increasing the already high difference in costs for the NHS between imatinib and nilotinib. A full health economic evaluation is required to determine the most cost-effective care pathways using these expensive drugs. 
Compliance with Ethical Standards
Funding No funding was received for this study. Informed Consent Formal consent is not required for this type of study.
Conflicts of Interest

